Abstract -The Gibbs free energy o1 partially crystalline polymers of linear flexible chain molecules is intrinsically a non-linear function of the crystallinity. Owing to this fact the partially crystalline state may appear as stable equilibrium state. The equilibrium melting transition has no defined order and may be subject to hysteresis effects.
INTRODUCTION
Homopolymers of linear flexible chain molecules generally melt continuously over a broad temperature range. The heat capacity as function of the temperature proceeds in a A-shaped maimer (Refs. I & 2). In the literature two controversial explanations are given (a) Some people (e.g. Refs. 2-k) suppose that in the ideal case the equilibrium melting of a polymer is an infinitely sharp phase transition of the first order as is with low molecular substances. In the ideal case the partially crystalline state is considered as a non-equilibrium state. The broadening of the melting range is thought to be due to mixing effects (impurities, molecular weight distribution, end groups and branches of the chain molecules), homophase pre-melting, caused by phonon interaction and crystal defects, the Thomson-Gibbs effect (crystal size distribution) and non-equilibrium effects.
(b) Other people (e.g. Ref s. [5] [6] [7] [8] lay stress upon the fact that owing to the lamellar structure of the partially crystalline state the individual chain molecule traverses the crystalline as well as the amorphous phase. In this case the conformational entropy of the chain segments remaining in the amorphous phase depend on the amount of the crystallized part. Thus the partially crystalline state is stabilized. Also in the ideal case the melting process is continuous as is in the case of a second-order order-disorder transition.
It is evident that the question whether the partially crystalline state can be or cannot be an equilibrium state and whether the equilibrium melting of high polymers of flexible chain molecules is a transition of the first or the second order can only refer to samples the melting curve of which is reversible below the crystallization temperature (Refs. 9 & 10) . In my opinion this question is still unanswered. In the following some simple argu.ments shall be delivered from the merely phenomenological point of view.
H. BAUR THEORETICAL
In the simplest case (in which all deviations from the ideal case including the surface effects are neglected) we may describe a partially crystalline System by Gibbs' fundamental equation
g is the Gibbs free energy of the system per unity of mass, T the temperature and p the pressure (or pressure tensor). a can be considered as ordering parameter in the sense of the Landau theory of second-order transitions or as internal variable of order in the sense of the thermodyriamics of irreversible processes. Eq. (1) is valid for one-phase as well as for twophase systems, irrespective of the system being in an equilibrium or a non-equilibrium state with regard to CL. Of course, the homogeneity of the system with respect to T and p involves the necessity of thermal and mechanical equilibrium. In the case of a two-phase system a can be called the degree of crystallinity.
The equilibrium states of the system which are stable or metastable with respect to the ordering parameter are characterized by
The equilibrium condition (2) fixes one of the independent variables T,p,a as function of the others, for instance aeq = aeq(TP)
That means that in the equilibrium state a may be eliminated as done in
Ehrenfest's theory of the transition phenomena. For our arguments, however, it proves advantageous to maintain a as (in this case dependent) variable also in the equilibrium.
Like g the entropy of the system
depends on the variables T,p,a. For the specific heat capacity at constant pressure it follows that
In the non-equilibrium the independent variables have to be considered as explicit functions of the time t. Consequently the ratio da/dT is generally represented by (da/dT)
The heat capacity depends on the ratio of the melting rate to the heating rate as is frequently found with partially crystalline polymers.
In the following we are only interested in the phenomenon of equilibrium melting. Therefore we take it for granted that the system is heated up so slowly that the equilibrium value of the ordering parameter can be balanced immediately after a change in temperature ( dct/dt>> dT/dt ; quasi-static process). The time rate of g/ct at constant pressure is generally described by 
This equation entails that the change of the ordering parameter with the temperature during a quasi-static process is given by the equation
In consequence, the equation (5) for the equilibrium heat capacity reads as follows c T Cs/T + (s/ct)2/(2g/ct2)3 .
1'Ioreover we restrict ourselves to a two-phase system as proved, for instance, If h(a) is a linear and s(a) a non-linear function of a, (2) and (9) together with g=h-Ts (10) lead to the conditions -s/ct Ah/T ; - (11) (Ah h -h > 0) for a stable or metastable equilibrium. The change of the equilibiu crystallinity with the temperature is described by eq"dT)p = th/T2(2s/a2) 0 .
The equilibrium heat capacity is given by
The equilibrium melting is governed by the dependence of -s/ct on a, that means by the microstrncture of the partially crystalline texture.
In order to give an idea of the contents of the Eqs. (10-13) some examples are treated in Fig. 1 . They neglect the explicit dependence of the enthalpy and of the entropy on the temperature (see Note a).
A. In case -s/a is a constant, i.e. s(a) is a linear function of a, also 
CONCLUSIONS
Actually the effects mentioned in (a) of the introduction will more or less play a part. In the case of small lamellae mainly the surface effects cannot be neglected. However, in my opinion there is also a perspicuous indication that the entropic coupling of the phases is efficient : The superheating phenomena measured on etched extended chain crystals (Ref. 17) and the fact that during a crystallization under normal conditions no extended chain crystals develop.
If the amorphous and the crystalline phase were independent of each other and the free energy a linear function of ct, there would be a neutral equilibrium at the melting point Tc (see the first row of Fig. 1 ). Owing to the mobility of the chain molecules there would be no motivation for superheating phenomena which are due to slow melting. The undercooling would only be a question of nucleation. The rather slow melting process of the extended chain crystals [which contrasts with the great mobility in the melting range of other microstructures (Ref. 12) requires, on the contrary, a barrier between the melt and the crystal at T0 (as shown in the sixth row of Fig. 1 ). That indicates a free energy which is non-linear in . On the other hand the existence of a potential wall between the melt and the extended chain crystal means that during the equilibrium crystallization under normal conditions metastable or stable partially crystalline states will develop which are more easily accessible. The formation of an extended chain crystal is only possible by a very long annealing at T.
Another indication of the efficiency of the entropic coupling can be concluded from the statement that the melting peak in the heat capacity of crystal lamellae of a defined thickness may be located at higher temperatures than predicted by the A non-linear dependence of the free energy on the composition is also given in mixtures. However, the cause of the non-linearity of the free energy in mixtures, viz., the concentrations of the components in the melt which change during the melting process, can be varied at will by manipulations from outside. That is why it is reasonable to choose the pure substances as standard systems. The situation is different for a defined polymer. In this case the cause of the non-linearity, i.e. the flexibility of the chain molecules, cannot be manipulated from outside. On the contrary, it is an intrinsic property of the polymer. Therefore I do not think it reasonable to give preference to one of the possible microstructures, e.g. the extended chain crystals, as standard. Probably the extended chain crystals below the melting temperature are in the energetically preferred state. For the equilibrium melting at constant pressure, however, it is not the energy but the Gibbs free energy that is decisive. But at higher temperatures the Gibbs free energy strongly depends on the entropy of the system. With respect to the Gibbs free energy a partially crystalline state may be the, preferred equilibrium state.
